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After the study of the preclusion of exotic meson states in large-Ac limit QCD, combining Wein¬ 
berg’s opposite proposal, we get different counting orders for a tetraquark operator to create or 
destroy an one-tetraquark state. Meanwhile, by comparing tetraquark operator with the mesonic 
and gluonic operators, we find that tetraquark operators are similar with mesonic and gluonic op¬ 
erators in the counting. Furthermore, we find a mixing of different kinds of operators. 
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I. INTRODUCTION 


in the following: 
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As Witten argued [l|, large-W limit QCD(F) 0 could 
lead to the remarkable preclusion of exotic meson states. 
This preclusion was explicitly discussed in Coleman’s 
lecture Q. 


The connected correlators of physical, local or composite 
' I operators On which involve at most one trace over color 
Qdndices, can be written as: 
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^ where Zj is the generating functional of the general 

SU(Nc) non-Abelian vector gauge theory with an operator 
source term which reads 0: 

<^^Zj = J'DAV^V^exp{iNcJdtd^x{C[A,tp,^]+Jn{x)On{x))}. 

For our interest, we will currently focus on the color- 
_■ singlet quark bilinears @ : 


< Bi{xi) ■ ■ ■ Bnixn) >c ■ (5) 

In this case, the dominant diagrams contributing to the 
correlators are just the planar ones with a single quark 
loop which runs at the edge of them, and they will give 
an extra counting W [I|. As a result, Eq.(5) counts like 

If we further consider the normalization of the two-point 
correlator, the order for a mesonic operator B to create or 
destroy a meson state is actually This changes 

the counting of Eq.(5) to Because we will 

deal with decay width later and we should use its related 
LSZ reduction formula, this normalization is necessary. 

Complying with the above logic, we first discuss the 
preclusion of tetraquark states and the problem of it in 
Sec.II. Then in Sec.Ill, we get the counting similarities be¬ 
tween tetraquark operator and mesonic/gluonic operators. 
Sec.IV is devoted to some discussions, while Sec.V gives 
the summary and conclusions. 
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‘O q^{x)T,q‘^{x) - ^ {q°-{x)Tiq^{x)) (3) 
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^ Here, q°‘ denotes the canonically normalized quark fields, 
with a a Ac-component SU{Nc) color index, summing over 
all Nc colors. Meanwhile, with spin and flavor indices sup¬ 
pressed, Ti are Ac-independent matrices containing spin 
and flavor information. ( ■ ■ • )q is the vacuum expectation 
value. Because it is not necessary in our following ar^- 
ments, we will just drop it and rewrite the bilinears as [6[: 

(f-{x)T,q°'{x). (4) 

a=l 


II. PRECLUSION OF TETRAQUARK 

Considering the color-singlet operator formed by two 
quark fields and two antiquark fields of the form like this: 

Qix)=YCMx)B,ix), ( 6 ) 

ij 

where Cij = Cji are some Ac-independent numerical 
coefficients describing the correlation of bilinears at 
spacetime point x. 

To show exactly the nonexistence of exotic meson states, 
Coleman studied Q’s two-point function Q: 


From Eq.(l), in the case of mesons, we can easily get 
meson interactions from connected correlators of the form 


< QHx)Q{y) > = YCuCli[{B\{x)Bk{y)){Bl{x)Bi{y)) 

ijkl 

+{Bl{x)B]ix)Bkiy)Bi{y))^]. (7) 
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By using the counting of Eq.(5), we can see from the 
right-hand side of Eq.(7) that, the first disconnected term 
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is of 0{N^), while the second connected term is of 0{1/Nc). 

At the same time, the one-tetraquark pole can only 
appear in the later connected term. It is clearly that any 
one-tetraquark state will be at least suppressed by a factor 
l/Nc- Therefore, the two-point function of Eq.(7) can 
only create two-meson states. 

This conclusion, i.e., the preclusion of tetraquark states, 
is consistent with Witten’s argument [i|, and it has been 
accepted for decades. 

However, as one can see, in our previous argument, 
what we concerned about are just the correlation functions 
of quark bilinears, without the consideration of their 
scattering amplitudes. 

As Weinberg argued if we simply drop the second 
connected term in the right-hand side of Eq.(7) based on 
the general suppressed factor 1/iVc, then we will lose any 
possibility for the ordinary mesons scattering in large-A^c 
limit. 

Moreover, Coleman’s conclusion actually implies that, 
with tetraquark mass be independent of Nc, the decay 
width must grow as some positive power of N^. Then, the 
lifetime of the supposed tetraquark meson will be too short 
for it to be observed as a distinct particle. However, this 
implication is farfetched because nothing can guarantee it. 

One can check the above argument through dealing 
with the decay width. In Eq.(7), if there is an one- 
tetraquark pole (propagator) in the leading part of the 
connected term which is of 0(1/A).), then after the 
normalization of this two-point correlator, the operator 
Q creates or destroys a tetraquark state will be of 0{\/Wc)- 

If we further consider the connected three-point func¬ 
tion, which shows the decay of such a tetraquark into two 
ordinary mesons of type a and /3: 

{Q{x)^BUy)B0{z)) = ^ Qj{B,{x)^BM)){B,{x)^Bp{z)) 
+ {Q{x)^B^{y)Bp{z))^, ( 8 ) 

we can get the counting of the first disconnected term 
in its right-hand side, which is of 0{N^). Eor its second 
connected term, by using the counting of Eq.(5), it counts 
like 0(l/-\/]Vc), corresponding to the trilinear vertex (pole) 
which gives a decay width of the tetraquark decaying into 
two ordinary mesons. Such a decay width is proportional 
to 1/iVc, instead of any positive power of iVc, just like the 
decay width of ordinary mesons [l| . 

As a result, the subleading connected term of Eq.(7) 
should not be hastily dropped, it may contain distinct 
tetraquarks. This denies the preclusion of tetraquarks and 
opens a door to the existence of them. 


III. COUNTING SIMILARITIES 

Along with Weinberg’s conclusion, one should keep in 
mind that, in order to get what we want, we used an 
assertion that an one-tetraquark pole should exist in the 
leading part of the connected term of Eq.(7), and it should 
be of 0(l/iVe). 

Then the operator Q creates or destroys a tetraquark 
meson state, which should be of 0{y/l^), just like mesonic 
operator B in the counting. However, when we see into the 
subtle flavor structure of Q, the result will be complicated. 

As Witten argued the counting of correlators’ domi¬ 
nant diagrams originates from the color degrees of freedom 
(DOF) and vertices coupling. Because a tetraquark 
operator contains two quarks and two anti-quarks, the 
ways how they contract will be crucial for color DOF and 
consequently affect the counting of the correlators. 

From Peris’ work @0, its “Type-A” tetraquark op¬ 
erator, which takes the form qAQBQBqD and with the 
flavor index ‘s’ contracted, will have the same flavor 
representation as ordinary qAQD mesons. 

It is similar with an ordinary mesonic operator because 
they have the same DOF. Therefore, the order {0{y/T^)) 
for such a Q to create or destroy a tetraquark state is 
the same as Weinberg’s. In the meantime, the consequent 
decay width (0(1/Ac)) is just like that of the ordinary 
mesons [ij. 

In fact, with such understanding, if we just want to get 
the aimed decay width from the practical purpose, we can 
replace Q with B in the connected term of Eq.(8), this 
will make no difference in the counting. One can check it 
from the counting of Eq.(5) with n = 3, we 

can get the same decay width (0(1/Ac)). This reveals a 
similarity between tetraquarks and mesons in the counting. 

For “Type-B” tetraquark operator @0, it actually 
contains two quark loops and corresponds to two separated 
mesons. As a result, it cannot contain any tetraquark. 

In order to make this kind of diagram connected, we 
should add at least two gluons between these two quark 
loops. There will be four more three-point vertices which 
generate four coupling constants, and they will contribute 
a factor 1/N^. This will turn down the overall counting 
to 0{N^). This equally means that the order for Q to 
create or destroy a tetraquark state is 0(iV°), because the 
two-point tetraquark correlation (QQ) is of order 0(A’°), 
which has already been normalized automatically. 

This reminds us of the gluons. Let Gm be a purely 
gluonic, gauge-invariant and Hermitian operator, with 
the appropriate quantum numbers to describe a glueball. 
The form of gluon interactions is similar with Eq.(5) 
(< Gi ■ ■ ■ Gm >c), while now the counting is of 
because the dominant diagrams give an extra counting 


3 


0{N!) Q. 

Therefore, the two-point glueball correlation (G 1 G 2 ) is 
of 0{N°). We can then obtain the operator G to create or 
destroy a glueball state which is of 0{N^). It is exactly 
the same as Q. As a result, for “Type-B” tetraquark, 
it also has a similarity with the ordinary glueball in the 
counting. 

Furthermore, glueball-meson interactions and the mixing 
processes are described by correlation of the form: 

<Gl- - GmBl ■ ■■Bn >C, (9) 

which counts like 0(fVc [l|[3|- 

If we replace the gluonic operator G with the tetraquark 
operator Q, with to = l,n = 2, we can easily check 
from the subleading part of Eq.(8) that the vertex for a 
tetraquark decaying into two ordinary mesons will be of 
0(l/iVc)- This will lead to a decay width of 0(l/iV^), 
the same as “Type-B”. This approves that “Type-B” 
tetraquark operator indeed has a similarity with the 
ordinary gluonic operator in the counting. 

We have already proved that “Type-A” tetraquark op¬ 
erator is similar with ordinary mesonic operator, and now 
we verifies that “Type-B” tetraquark operator is similar 
with the ordinary gluonic operator. In conclusion, although 
tetraquarks and mesons/glueballs are different from many 
points, their operators seem very similar in the counting, 
especially for the calculation of their corresponding decay 
widths. 


IV. DISCUSSIONS 

From Sec.Ill, “Type-B” tetraquark has some contradic¬ 
tion with Weinberg’s result. Its corresponding decay width 
is of 0(1/^^), narrower than “Type-A’s” or Weinberg’s, 
which are all of 0{1/Nc). 

We can see that such contradiction originates from 
different contracting ways of quarks contained in a 
tetraquark operator. In fact, these different ways attribute 
to the subtle local and nonlocal properties of a tetraquark 
operator. As Lebed argued @[13) the local and nonlocal 
properties of a tetraquark operator are very important 
to the tetraquark states which only appear in the local 
situation. 

Complying with this point, with one pair of quark- 
antiquark contracted, “Type-A” tetraquark operator 
actually behaves more like an ordinary mesonic operator 
than a localized tetraquark operator; while for “Type-B” 
tetraquark operator, without contracted quarks and with 
the added gluons, it is indeed a localized tetraquark oper¬ 
ator and its order to create or destroy an one-tetraquark 
state is of 0{N°). 


In order to maintain Weinberg’s result, Lebed @ starts 
from the nonlocal situation, proposing a relation between 
this situation and the local situation through a sub-ordered 
additive contribution: 

6Cij ^ exp[-Ni Aqcd{xi - x^f]. ( 10 ) 

In the local limit, Eq.(lO) can give a prefactor which 
is of 0{\/\/NI) for the localized tetraquark operator, 
without changing the leading-order’s counting. 

As one can see, for the local “Type-B” tetraquark 
operator, when we deal with the connected term of Eq.(8), 
this prefactor tends to turn down the overall counting 
of this term by 0{1/\/Wc). To maintain the counting, 
we have to raise the vertex order by 0{y/Nc), and this 
operation will give a vertex ordered l/y/Nc- Therefore, 
by using this proposition, the counting of the connected 
term in Eq.(8) and the followed conclusions turns to be 
Weinberg’s again. 

While for nonlocal “Type-A”, this proposition has no 
effect. Its vertex remains the same as 0{l/y/77^). In this 
way, both “Type-A” and “Type-B” contribute the same 
decay width ordered 1/iVc. 

Combining above proposition and previous obtained 
counting similarities, we can get an even more important 
result. If we assign the prefactor l/i/]Vc to tetraquark 
operator of “Type-B”, then we can equally state that the 
creating or destroying order of such a tetraquark operator 
will be 0(1/y/N^). 

At the first sight, this seems to destroy our counting 
similarity between tetraquark and gluonic operators. How¬ 
ever, since Eq.(IO) is hand-added, we’d better discover its 
natural reason by insisting on counting similarity. 

For convenience, we just replace the gluonic operators in 
Eq.(9) by tetraquark operators of “Type-B” as following: 

< Qi ■ ■ ■ QmBi ■ ■ ■Bn >c ■ (11) 

As a result of the change of the creating or destroying 
order of such tetraquark operators, Eq.(ll) now counts 
like 0{Nc ^^^) with N = m + n. And the corresponding 
decay width is of 0{N^~^). This reveals a mixing of 
tetraquark and mesonic operators in the counting. 

This mixing also happens to “Type-A” situation, 
because in this situation, tetraquark operators are just 
similar with mesonic operators, and the corresponding 
counting is simply 0(A’c~"^^). One can check Sec.Ill to 
verify this statement. 

So, complying with Weinberg’s result, together with the 
counting similarities, we find a mixing of operators in the 
counting. This mixing requires the hand-added term, i.e., 
Eq.(lO). And such a mixing is consistent with our counting 
similarities naturally. 
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V. SUMMARY AND CONCLUSIONS 

In this work, we first reviewed the preclusion of 
exotic meson states in large-Ac limit QCD(F) briefly. 
Then we shortly reviewed the opposite proposal to such 
preclusion given by Weinberg, combining some followed 
viewpoints, we got the different orders for a tetraquark 
operator to create or destroy a normalized one-tetraquark 
state. By comparing the tetraquark operators with the 
mesonic/gluonic operators, we proposed that they are 
similar in the counting. 

On the one hand, because the operators’ creating or 
destroying orders are the key to get the vertex orders and 
the related decay widths of Eq.(8), and what we actually 
used are just such orders without the consideration of 
their actual physical properties, it’s pretty legal to assert 
such similarities. 

On the other hand, appropriate using of both similari¬ 
ties can simplify the analysis for tetraquark interactions 
(including decays, scatterings, etc.), just like what we have 
showed in Sec.III. 


Furthermore, we can get an unified formula to decide 
the order of the tetraquark-including vertex (like the form 
of Eq.(8)). Remember the correlation of glueball-meson 
interactions and mixing processes, i.e., Eq.(9) which counts 
like 0{nI ™ Now that we know the similarities 

between tetraquark operators and mesonic/gluonic opera¬ 
tors, we can directly use this correlation’s counting to get 
the vertices of both “Type-A” and “Type-B”: For “Type- 
A”, m = 0, n = 3; while for “Type-B”, m = 1, n = 2. 

Meanwhile, our result about mixing property is almost 
the same as Ref. [a, although it starts from the two-index 
antisymmetric representation (QCD(AS)) [ 11 ] [3 ■ This 
also implies some new connection between these two rep¬ 
resentations, QCD(F) and QCD(AS), beyond the Nc = 3 
situation. This is worth to be investigated in the future. 
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